S uccessful tendon reconstruction and recovery of hand function includes not only a strong tendon repair but also a low-friction gliding surface to facilitate excursion. 1 Complex, shearing injuries associated with tendon loss often result in the stripping and subsequent loss of periosteum from underlying bone. Suboptimal outcomes may result from adhesions and poor excursion of the reconstructed tendon if the tendon-gliding surface is damaged.
An adequate gliding surface must be maintained for proper function of the tendon pulley system. 2, 3 Under normal circumstances, this function is carried out by the periosteum of the underlying bone. 4 When the periosteum suffers severe damage, reconstruction of a periosteal gliding surface may permit superior recovery of tendon and joint function. A variety of different materials have been used to recreate a tendon-gliding surface (both in humans and the research lab) including autologous tissue flaps, 5, 6 biomimetic materials such as FOCALSEAL-L, a hydrogel sealant, 7 VIVOSTAT, a human-derived fibrin sealant, 8 fibronectin-derived biomimetic tubes, 9 and medications such as 5-fluorouracil. 10 Although these therapeutic interventions have shown promise in reconstructing a smooth gliding surface, they are not ideal because they require the use of foreign bodies and materials. Here, we report the use of autologous extensor retinaculum for recreation of a periosteal gliding surface in tendon reconstruction in the fingers.
MATERIALS AND METHODS

Patients and Injuries
Six digits in 4 patients with complex, composite soft tissue defects involving tendon, periosteum, and skin of the hand underwent surgical repair. In all patients, tendon grafting was necessary to reconstruct the tendon defect. Each patient also had disruption of the bony cortex underlying the tendon injury including periosteal loss. The periosteal and tendon defects in these patients ranged from the distal interphalangeal joint (DIPJ) to the proximal phalanges, Zones 1 to 4 ( Table 1 ).
Surgical and Postoperative Protocol
Because bare bone (devoid of its periosteum) does not provide a low-friction gliding surface and may lead to tendon adhesions postoperatively, an ipsilateral extensor retinaculum graft was used to reconstruct the periosteal defect. Through an incision on the dorsum of the ipsilateral wrist ( Fig. 1) , an extensor retinaculum graft corresponding to the size of the periosteal defect was harvested (Fig. 2 ). The graft was placed ''upside down,'' with the native deep side of the graft facing superficially and overlying the periosteal defect. This maneuver places the surface of extensor retinaculum that is normally in contact with tendon surfaces in its in situ anatomic position, in contact with the new tendon graft. It was then sutured into place by anchoring the graft to the remaining periosteum by using 4-0 polypropylene monofilament with an interlocking continuous suture. Postoperatively, the patient's fingers were placed in immobility for 2 to 4 weeks to protect the repair. After this period, patients immediately began participation in physical rehabilitation programs. There were no intraoperative or postoperative complications, and no patients required a secondary tenolysis procedure.
RESULTS
Case 1
A 21-year-old right-handed man sustained a crushing and mangling injury to his left hand after a motor vehicle rollover accident. The accident resulted in loss of the extensor tendons of both the index and middle fingers over the proximal phalanges (Zone 4), as well as disruption of the dorsal bony cortex with 1.5 Â 2.0-cm periosteal loss on each digit. The index finger sustained a 6-cm extensor tendon defect, whereas the middle finger tendon defect was approximately 2 cm; each tendon was reconstructed using a graft from the palmaris longus tendon. During operative exploration, it was apparent that the cortical bone devoid of periosteum would not allow for tendon gliding. The tendon-gliding surface of each finger was reconstructed with an extensor retinaculum graft of corresponding size. The patient also had soft tissue reconstruction with a temporoparietal fascial free flap and skin grafting. At 2-year postoperative follow-up, the patient had passive range of motion (PROM) of 0 to 90 degrees, active range of motion (AROM) of 0 to 80 degrees in the proximal interphalangeal joint (PIPJ), grip strength of 80 lbs (95 lbs in the dominant hand), and a 3-point pinch of 15 lbs (18 lbs in the dominant hand) ( Table 2 ). There was no donor site morbidity.
Case 2
A 46-year-old right-hand dominant manual laborer sustained a saw injury to the dorsum of his left middle finger at the level of the middle and distal phalanges (Zones 1 and 2). This injury resulted in complete transection of the extensor tendon with a 2-cm tendon gap with a mallet deformity as well as disruption of the dorsal bony cortex with 1.0 Â 1.5-cm periosteal loss. The tendon-gliding surface was reconstructed with an ipsilateral 1.0 Â 1.5-cm extensor retinaculum graft. A 2-cm palmaris longus tendon graft was used for tendon reconstruction. The DIPJ initially was immobilized in extension for 4 weeks to protect the repair. By 8 months postoperative, the patient had PROM 0 to 45 degrees and AROM 5 to 40 degrees at the DIPJ, grip strength of 70 lbs (90 lbs in the dominant hand), and a 3-point pinch of 12 lbs (16 lbs in the dominant hand). There was no donor site morbidity.
Case 3
A 27-year-old right-hand dominant man sustained a saw injury to the dorsum of his right ring finger at the level of the PIPJ (Zone 3). This injury resulted in complete transection of the extensor tendon with a 3-cm tendon gap as well as disruption of the dorsal bony cortex with 1.0 Â 1.0-cm periosteal loss in the ring finger. The tendon-gliding surface was reconstructed with an ipsilateral 1.0 Â 1.0-cm extensor retinaculum graft. A 3-cm palmaris longus tendon graft was used for tendon reconstruction. By 6 months postoperative, the patient had PROM 0 to 75 degrees and AROM 5 to 45 degrees at the PIPJ, grip strength of 60 lbs (80 lbs in the uninjured hand), and a 3-point pinch of 13 lbs (17 lbs in the dominant hand). There was no donor site morbidity.
Case 4
A 53-year-old right-handed man sustained a crush, avulsion injury to the dorsum of his left hand after a motor vehicle accident (Figs. 3Y6). The accident resulted in transection with loss of the extensor tendons of both the index and middle fingers at the level of the PIPJ and middle phalanges (Zone 2 and 3), as well as disruption of the dorsal bony cortex with 1.0 Â 1.5-cm periosteal loss on each digit. The index and middle fingers each sustained approximately a 2-cm extensor tendon defect; each tendon was reconstructed using a graft from the palmaris longus tendon. The tendon-gliding surface of each finger was reconstructed with an extensor retinaculum graft of corresponding size. 
DISCUSSION
Tendon gliding is a key component for good functional recovery after tendon injury. Gliding is facilitated by both the integrity of the repair and a low-friction gliding surface. 2 Often, complex hand and finger injuries will damage not only the underlying tendon(s) but also may damage deeper structures such as bone and periosteum. These complicated injuries may compromise a repaired tendon's ability to glide freely because of damage or loss of the gliding surface, that is, the periosteum. The need to recreate a low-friction surface after injury has stimulated research exploring how a gliding surface can be recapitulated in vivo when the native periosteum is disturbed. Many different techniques and materials have been used, including injectables, medications, biomimetic materials, and even autologous tissues. 5Y11 Three physiologically significant biological lubricants are lubricin, hyaluronic acid (HA) and phospholipids, which have been used to facilitate repairs. 12 Taguchi et al 13, 14 demonstrated that application of lubricin or lubricin in conjunction with HA to tendinous sheaths improves both tendon gliding and function in in vitro models. Zhao et al 3, 15 report similar in vitro results by applying HA alone to the tendon. Gliding can also be facilitated postoperatively by reducing adhesion development. It has been demonstrated that an application of 5-fluorouracil to the tendon/gliding surface can reduce adhesion formation and thus improve tendon gliding. 10, 16 Although these results are promising, these materials are expensive, poorly characterized, and require the introduction of foreign materials into the body. Another focus of research is the use of autologous tissues, which are readily available at no additional monetary charge and do not require introduction of foreign materials into the body. In an in vivo rabbit study, Long et al 6 report that tendon gliding and function can be facilitated by transplanting autologous periosteum to the recipient site with tendon healing and strength improved by more than 30% at 4 and 8 weeks. Hazani et al 5 reported the use of a dorsal thoracic fascial flap to facilitate tendon gliding after a mutilating crush injury to the forearm of an adult male patient. This patient achieved both excellent functional and aesthetic results. 5 Autogenous extensor retinaculum grafting for repair of tendon pulley systems has been reported previously in the literature and has been used to help solve a variety of clinical problems including extensor pollicis longus repair, rod placements, tenolyses, and metacarpophalangeal (MCP) joint repairs. 17, 18 Nagaoka et al 17 used extensor retinaculum to reconstruct MCP joints after phalangeal crush injuries from chronic boxer's knuckle with excellent long-term functional results. Guelmi et al 19 report similar results when using the technique to correct MCP joint instability in the thumb with preserved ROM and improved strength.
To our knowledge, our patients are the first report of extensor retinaculum used for reconstruction of periosteal gliding surface for extensor tendons. Our patients experienced complete return of hand function and also had near-normal strength and ROM in the reconstructed hand; there were no required secondary tenolysis procedures. The use of autologous extensor retinaculum to reconstruct tendongliding surfaces is a novel approach. The graft is easy to harvest from the same operative field, with minimal donor graft morbidity. Of note, harvesting a portion of extensor retinaculum for grafting does not result in ''bow-stringing'' of the extensor tendons underlying the remaining retinaculum. This technique solves the clinical dilemma of leaving a repaired tendon with a suboptimal gliding surface because of insufficient native tissue, resources, or unpredictable exogenous fillers/lubricants. Importantly, using extensor retinaculum to recreate a tendongliding surface is a technique that uses a donor graft that is similar in composition to the native tissue that it replaces. The periosteum that overlies bone is composed of 2 distinct histological layers: an inner ''cambium'' layer that is in direct contact with the bone and is highly cellular with fibroblasts and mesenchymal progenitor cells, and an outer layerVwhich is in contact with the tendonVcomposed of collagen and elastin fibers, and a rich microvascular network. 4 Extensor retinaculum of the wrist is composed of 3 layers, namely, an inner layer that is cellular and composed of fibroblasts; an outer layer composed of loose connective tissue, collagen, and a rich microvascular network; and an intervening middle layer composed of collagen and fibroblasts. 20 Thus, both the inner layer of extensor retinaculum and periosteum are composed mainly of fibroblasts and other cells, whereas the outer layers of both tissuesVthat which is in direct contact with an overlying tendonVis composed of collagen, elastin, connective tissues, and vasculature. This similarity makes extensor retinaculum an excellent donor tissue to replace periosteum and recreate a smooth tendon-gliding surface.
This study provides patient data suggesting that extensor retinaculum grafting is an efficacious method of reconstructing tendongliding surfaces in vivo. The nature of traumatic injuries makes blinded, controlled studies nearly impossible. This study, therefore, is limited as all case studies are to a presentation of a few patients and their outcomes. Further studies are necessary to fully elucidate the mechanisms by which tendon gliding is facilitated both in vivo and in vitro. Furthermore, studies assessing frictional forces between tendon and extensor retinaculum would be beneficial to further characterize the interaction of these tissues.
Our technique is easily used, uses locally available autogenous tissues with minimal to no donor site morbidity, and we have experienced very promising results. Additionally, the donor graft is histologically quite similar to the tissue it replaces and thus the choice to use extensor retinaculum to replace periosteum is one that has substantial scientific merit. Extensor retinaculum grafting recreates a periosteal gliding surface that improves tendon gliding. By using extensor retinaculum grafts in these 6 digits in 4 patients, we were able to successfully restore excellent extensor tendon function in patients with complex, crush and mangled injuries to the digits and hand with extensive tendon and soft tissue loss.
